S
INCE 19~5 attempts have been made to prepare tissue cultures from neoplasms of the central nervous system. Fischer 3 was the first to report viability of malignant glial tumors in tissue cultures for a period of months. Most reports have dealt with short-term tissue cultures, and few observations have been described dealing with longterm, permanent lines of tissue cultures. The latter easily permit both qualitative and quantitative studies, such as heterologous transplantation of the lines, 7,s evaluation of the effects of changes in experimental environment, 9 virological investigations, 's and, in general, allow the observer to examine "the dynamic properties and the modulation in form with the passage of time. ''6 In this laboratory, many permanent longterm tissue cultures have been established successfully; the oldest, dating to September 1957, continues to grow. TM It is the purpose of this communication to describe a relatively simple technique of long-term monolayer culturing of tissue by means of which several glial and nonglial neoplastic lines can be, and have been, propagated for long periods of time.
Materials and Methods
Throughout the culturing procedure, sterile techniques are used. Fresh, non-necrotic neoplastic tissue obtained from the autopsy or operating room is placed in a Petri dish, then minced with small curved scissors. Small quantities of fragments of tumor thus produced are evenly divided in three or five 3-oz. Brockway bottles. Approximately 10 cc. of nutrient fluid composed of Eagle's medium, 10 per cent noninactivated horse serum, 1 per cent glutamine, penicillin (100 units/ml.), and streptomycin (100 mg./ml.) are added to each bottle. The bottles are closed with Received for publication May 14, 1964. * This work was supported by U.S.P.H.S. grant C-548~ and by the Childs Memorial Fund. rubber stoppers and placed in a walk-in incubator maintained at 37~ Twenty-four hours after the initial preparation, the cultures are evaluated and, if the culturing has been successful, they are read biweekly thereafter. When growth on the glass surface becomes luxurious, the bottles are trypsinized and subdivided.
When permanent cytological examination is desirable, coverslips cut specially are placed in Leighton tubes and implanted with the original fragments of tumor or the tissue-culture cells growing later. The coverslips are fixed in the Leighton tubes with the desirable fixa[ive for 89 to 1 hour and stained with routine or special stains, depending upon the information desired. Occasionally the coverslips are covered with a thin film of paraffin after being dehydrated, thus preserving unstained, fixed material for future study at the convenience and discretion of the investigator.
The time of generation of the tissue cultures is determined by counting the nuclei and/or determining total protein as follows. From healthy cultures in log phase of growth 64 or 7~ 3-oz. Brockway bottles are prepared, each containing approximately ~50,000 or 300,000 cells suspended in 10 cc. of medium with 10 per cent horse serum. Beginning with ~4 hours, and every 1~ hours thereafter to the 108th or l~0th hour, four bottles are taken for counting the nuclei and four bottles are taken simultaneonsly for determining total protein. Average total count of nuclei per bottle is determined by Rappaport's modification of the method of Parker et al. 15 and the amount of total protein per bottle is determined by the method of Oyama and EagleJ 4
Results
As a rule, growth appears around the fragments 24 to 48 hours after preparation of the cultures. Experience has indicated that it is important to place a sufficient number of fragments of tumor in the individual bottles in order to facilitate the metabolism of the individual fragments and to maintain a constant temperature of 37~ The latter is achieved easily by the construction of a walk-in incubator.
When the pH of the medium, which is Long-Term Cultures of Intracranial Tumors 3) If, however, 100 per cent of the glass is covered with cells, another trypsinization is undertaken.
4) If within 1 week, the cells continue to cover 100 per cent of the surface after trypsinization and, if this pattern of growth is maintained after each trypsinization for a period of ~ to 3 weeks, then the contents of such a bottle are subdivided into two bottles; the procedure may then be continued indefinitely.
In Table 1 , the total number of tissue cultures of primary intracranial tumors undertaken in this laboratory to date is given, arranged according to the types of tumor as histologically identified. Culturing was attempted with 77 glioblastomas, which were not selected according to any predetermined criteria, such as healthy or viableappearing specimens, but rather represent those specimens obtained from the operating and autopsy rooms over a given period of time. In this regard then it is not surprising that 13 glioblastomas did not grow at all, and that 35 died after initial growth.
Under the "growing well" category are included tumors which are in the log phase of growth and have a short time of generation. The times of generation of three lines of tissue cultures of glioblastoma multiforme are indicated in Fig. 1 as examples of permanent lines of this category of tumor, the time of generation having been estimated by total count of nuclei. Thus the time of generation of TC178 is approximately ~6 hours, whereas in tissue cultures TC34~ and TC359 the time of generation is 48 and 60 hours, respectively.
Under the same column, "growing well," there are single cases of astrocytoma, oligodendroglioma, neurofibroma, and meningioma, respectively, and ~ cases of medulloblastoma. Under this category, no examples of ependymoma, neuroblastoma, ganglioneuroma, pituitary adenoma, craniopharyngioma or hemangioblastoma are included. In contrast, all tissue cultures arising from intracranial tumors produced by methylcholanthrene grew and are still growing well.
